Abstract
Introduction
The first forms of state intervention in maternal and child health date to 18 th -century England, through policies focused on childhood and medicalization of childbirth and family health, with the aim of producing more children with decent living conditions, thus imposing a set of obligations on parents and children 1 .
Although permeated by the implicit objective of strengthening a social body capable of fomenting birth and offering support for industrial expansion, such health policies favored important social development, as proven by the control and eradication of various infectious diseases, fostering both increasing life expectancy and important growth in the world population 2 .
In this phase of the life cycle, prenatal care is an outstanding measure to prevent or decrease the risk of death for both mothers and infants 3 . In prenatal care, health professionals can detect and intervene in risk factors, avoiding health complications for mothers and infants. Studies in medium and low-income countries have indicated that few prenatal visits are a significant risk factor for increased perinatal mortality 4 and longer stay for newborn infants in intensive care units 5 .
Still, numerous prenatal visits are not always synonymous with effective gestational care. In low-risk pregnancies, evidence suggests that few prenatal visits can be as effective as many visits, as long as the proper interventions are performed at the proper time according to each pregnant woman's needs 6 .
Therefore, various epidemiological studies to evaluate prenatal care have been conducted to shed light on its quality, using as criteria the timing in the pregnancy when follow-up by health services begins, the total number of visits, gestational age at each visit, and physical, clinical, laboratory, and educational procedures that qualify the assessment of adequate care 7, 8, 9 .
The attempt to develop methods to assess prenatal care is not new 10, 11 . Criteria for assessing adequate prenatal care underwent various changes over the years, reflecting the development of new technological and diagnostic tools and scientific evidence in maternal and child health 12, 13 .
Methods for assessing prenatal care can be classified as: indices that measure access, defined as users' entry into health services and continuity of care 14 and indices that assess the adequacy of the process of care, defined as activities involving health professionals and patients according to technical, scientific, and/or administrative standards 15 . These indices can be used separately or jointly in prenatal health services assessment, as partial methods for measuring quality of care.
The indices that evaluate access to prenatal care can employ different criteria for defining adequate access. Thus, the use of different indices can produce contradictory results even when assessing the same prenatal care service. This has direct repercussions on the planning and implementation of maternal and child health policies in public health services. In this context, the current study proposes to compare the assessment of adequacy of access to prenatal care according to different indices.
Methods
The sample included all women admitted for delivery at public and outsourced maternity hospitals under the Brazilian Unified National Health System (SUS) in Greater Metropolitan Vitória, Espírito Santo State, Brazil, from April to September 2010.
The data were collected through face-to-face interviews with the mothers in the postpartum period, analysis of their respective prenatal cards, and medical charts at the health establishment where the delivery was performed. The sample size was set according to the sample size formula to estimate the proportion of live births covered by 7 or more prenatal visits, considering the population of 17,980 live births in 2007, an expected proportion of 58.2%, corresponding to the municipality (county) within Greater Metropolitan Vitória with the lowest coverage rate, both according to the Information System on Live births (SINASC). The target precision was 4%, design effect 1.5, and 5% level of significance.
The calculations resulted in a sample size of 849 women. The total was increased by some 30% to cover possible losses and refusals, resulting in requests for interviews with 1,131 postpartum women in the maternity hospitals. Considering the differences in the contingent of live births between the municipalities, the sample's representativeness was guaranteed by stratification according to the following proportions: Cariacica (22.6%), Fundão (1%), Guarapari (6.3%), Serra (26.3%), Viana (3.7%), Vila Velha (22.2%), and Vitória (17.9%).
Seven field interviewers were selected after passing theoretical and practical tests in the interviewers' training course conducted by faculty members at the Federal University in Espírito Santo (UFES) and the Sergio Arouca National School of Public Health, Oswaldo Cruz Foundation (ENSP/Fiocruz). A pilot study was also conducted with 67 postpartum women -not included later in the main study -to improve the interview format and interviewers' training.
The interviewers visited all eight maternity hospitals included in the study at least once a week, visiting the women in the postpartum period to interview them on their prenatal care. On the days of these visits, the interviewers listed all the postpartum women living in one of the municipalities of Greater Metropolitan Vitória and then conducted systematic sampling to select the women to be visited for potential interviews. This method was followed until the total sample was reached.
At this first contact, the interviewers asked about the possibility of conducting the interview and whether the woman had her "Prenatal Card" on her person, excluding: women who had done their prenatal care entirely or partially in the private system or in other municipalities outside Greater Metropolitan Vitória, as well as postpartum women less than 12 hours after undergoing cesareans.
After identifying the selected women, the interviewers explained the study's objectives and asked the woman to sign the informed consent form, according to the guidelines approved by the Institutional Review Boards of the UFES Center for Health Sciences on November 4, 2009, case no. 93/2009. Data from the woman's medical chart were transcribed onto the interview form, the Prenatal Card was copied in full, and the woman was interviewed. The study variables were constructed on the basis of the three sources to increase the completeness of the information.
The information on the beginning of the prenatal care and the gestational week or month of the visits was obtained, considering the recording date on the Prenatal Card and the newborn's date of birth and gestational age at birth recorded on the medical chart. In addition, the total number of prenatal visits was obtained from the counts on the Prenatal Cards with the dates of the visits and recording of at least one procedure, while data on parity were based on the information provided by the mother during the interview.
Some evaluation indices have intermediate categories and levels to classify prenatal care, but the current study adopted a dichotomous classification (adequate versus inadequate). However, this study considered the components of indices related to access, defined as the users' entry into health services and continuity of the care 14 , which refers generically to the timing of initiation of prenatal care and the number of visits.
The indices for assessing access to prenatal care were calculated with the data obtained from a cross-sectional epidemiological study of postpartum women in Greater Metropolitan Vitória.
The index by Ciari Jr. et al. 10 defines adequate prenatal care as beginning in the first trimester and a ratio of visits performed to five expected visits greater than or equal to 80%.
According to the index by Kessner et al. 11 of the United States Institute of Medicine, for a 36-week pregnancy, adequate prenatal care includes a visit before the 4 th month and a minimum total of nine visits.
According to the Revised Graduated Prenatal Care Utilization Index (revised GINDEX), proposed by Alexander & Cornely 16 , prenatal care should also begin before the 4 th month, but the total number of visits should accompany the duration of the pregnancy. In pregnancies up to 36 weeks, nine visits would be adequate. However, starting at 36 weeks the woman should have one visit a week until delivery 16 .
The index created by the United States Public Health Service Expert Panel on Prenatal Care, described by Rosen et al. 17 , defines adequate prenatal care as beginning up to the eighth gestational week, with a total of nine visits for women in their first pregnancy and seven visits for multiparous women. The Takeda index 18 , a modification of the Kessner index 11 , defines adequate access to prenatal as beginning up to the 20 th gestational week, with at least six visits.
The Adequacy of Prenatal Care Utilization (APNCU) index, formulated by Kotelchuk 19 , analyzes the number of visits during prenatal care according to the American College of Obstetricians and Gynecologists, adjusted according to gestational age at initiation of care, which should be up to the 4 th month, and to gestational age at delivery. The index considers the ratio between the number of visits performed and the expected number of visits. Prenatal care is considered adequate when the ratio is greater than or equal to 80% 19 .
According to the Program for Humanization of Prenatal Care and Childbirth of the Brazilian Ministry of Health, adequate prenatal care should begin by the 4 th month, with a total of six visits: one in the first trimester, two in the second trimester, and three in the third trimester 20 .
Villar et al. 21 define adequate prenatal care in low-risk pregnancies as beginning before the 12 th week, plus three more visits: one from the 25 th to 27 th gestational week, one from the 31 st to 33 rd week, and another from the 37 th to 39 th week.
Coutinho et al. 8 define adequacy in level I as prenatal care initiated by the 14 th week and a total of six prenatal visits.
Carvalho & Novaes 9 modified the Brazilian Ministry of Health index 18 by defining adequate prenatal care as seven or more visits, including one more in the third trimester. Considering all the variables needed to construct the indices, a database was developed with information keyed into SPSS version 12.0 (SPSS Inc., Chicago, USA). Before keying in, the study forms were reviewed by a researcher to analyze the data completeness and consistency, providing feedback to the field interviewers, after which the data were keyed in by a professional statistician. After keying in the data, the same researcher checked the database against the forms. Finally, the researcher and statistician conducted a joint final review, checking all the variables from the forms against the database.
The statistical analyses were performed by calculating the prevalence of adequacy in relation to the criteria in each index, with the respective confidence intervals. Next, the Kappa and prevalence-adjusted Kappa tests were performed in PEPI version 4.0 (Computer Programs for Epidemiologists; http://www.sagebrushpress. com/pepi) to measure the levels of agreement, as follows according to Landis The study also calculated the sensitivity, specificity, positive and negative predictive values, accuracy, and positive and negative likelihood ratios in relation to the reference standard. The relationship between sensitivity and specificity was evaluated by the Receiver Operator Characteristic Curve (ROCC), which provides calculations of the area under the curve to measure the discriminant power of the indices. The Kotelchuck index 19 was adopted as the reference for comparison because it is one of the most widely used indicators in studies on the evaluation of prenatal care 7, 23 and has already demonstrated better performance than the oldest international index, by Kessner et al. 11 .
Results
From a total of 1,131 postpartum women that were contacted, 1,035 agreed to participate in the study and were interviewed. However, among the latter, 23 had not received any prenatal care and 6 had received prenatal care but did not have their Prenatal Cards with them, so a total of 1,006 cards were evaluated. In order to standardize the data to compose the indices, the information was used for the 1,006 postpartum women that were interviewed and that had the Prenatal Card with them.
All the indices selected to evaluate the adequacy of access to prenatal care included in their criteria at least one visit before the 5 th month of pregnancy. The other criteria considered the total number of visits, the proportion of visits in relation to gestational age, timing of visits at specific moments in the pregnancy, and number of visits according to parity.
According to the indices, the results that qualify access to adequate prenatal care showed major variations. According to the Takeda index 18 , nearly 60% of the women had adequate access, while the index proposed by Rosen et al. 17 showed less than 1% adequacy. Most of the indices showed adequate access to prenatal care ranging from 20% to 50% (Table 1) . Table 2 shows the statistics for the kappa and adjusted kappa tests, highlighting the indices that showed substantial and almost perfect adjusted agreement. The Kessner index 11 showed adjusted kappa greater than 0.60 with the largest number of other indices. The indices proposed by Coutinho et al. 8 , Villar et al. 21 , and Carvalho & Novaes 9 showed high agreement with four indices, while the Takeda index 18 and Kotelchuck index 19 showed the lowest agreement with the other indices.
The Kotelchuck index 19 showed a 26% median prevalence of access to adequate prenatal care (95%CI: 23.2-28.9) and has been cited as a reference for evaluation among the other indices. Table 3 shows the results of the comparison of the other indices to the Kotelchuck index 19 . The Takeda index 18 presented the highest sensitivity, i.e., with the highest capacity to detect adequate access to prenatal care, while the Rosen index 17 showed the lowest capacity to classify adequate prenatal care as compared to the reference.
The Rosen index 17 showed the highest specificity, i.e., the greatest capacity to detect inadequate access to prenatal care, while the Ciari Jr. index 10 and Takeda index 18 showed specificities of around 60%.
The Kessner index 1 , Alexander & Cornely index 16 , and Villar index 21 showed the highest true positive rates among women with adequate prenatal care, corresponding to the highest positive predictive values. Meanwhile, the Takeda index 18 showed the highest proportion of true negatives among women with inadequate access to prenatal care, corresponding to the lowest negative predictive value (Table 3) .
In relation to the proportion of correct answers in the evaluation of adequate access to prenatal care, the Kessner index 11 showed the highest accuracy, more than 90%. The Carvalho & Novaes index 9 , Villar index 21 , and Ministry of Health index 20 also presented high accuracy (around 80%) ( Table 3 ).
In the analyses of the positive likelihood ratio, the Alexander & Cornely index 16 showed the best lihood of classifying prenatal care as inadequate in women with adequate care, as compared to women with truly inadequate care. This means that the odds of a false-inadequate assessment of prenatal care were zero.
According to the assessment of the indices by ROCC in Figure 1 , in the relationship between sensitivity and specificity, the largest areas below the lines were for the indices proposed by Kessner et al. 11 Brasil 20 Villar et al. 21 Coutinho et al. 8 Carvalho 10 Kessner et al. 11 Alexander & Cornely 16 Rosen et al. 17 Takeda 18 (0.797), and the Ministry of Health 20 (0.781). The indices proposed by Ciari Jr. et al. 10 (0.755), Carvalho & Novaes 9 (0.751), and Villar et al. 21 (0.622) showed intermediate values. The indices with the lowest areas were Alexander & Cornely 16 (0.567) and Rosen et al. 17 (0.500), reflecting the low capacity of these indices to discriminate between adequate and inadequate access to prenatal care.
Discussion
Access to prenatal care in health services allows pregnant women and their infants to enjoy greater likelihood of survival. In the contact between pregnant women and healthcare teams, diseases and risk situations can be diagnosed and then treated or minimized 24 . However, the prenatal care that produces such effects must be based on a process of care that includes the main activities for the prevention or pregnancy-related diseases and health promotion 6 .
Process of care that is consistent with the health needs of pregnant women depends primarily on adequate access to prenatal follow-up. However, public health has faced a major challenge in defining indices to assess adequate access to prenatal care. Some authors base their indices on the association with unfavorable maternal and infant outcomes, such as: maternal mortality, low birth weight, preeclampsia, gestational hypertension, caesarean delivery, among others 4 . Others assess adequacy of care on the basis of the mothers' level of satisfaction 5 .
Importantly, the indices are developed by an author or group of authors within specific contexts. The Kessner 11 , Alexander & Cornely 16 , Rosen et al. 17 , and Kotelchuck 19 indices were developed in the social and historical context of the United States, mixing political, scientific, and economic interests allied with the defense of the lucrative exploitation of the predominantly private healthcare market.
The Ciari Jr. index 10 emerged from the pioneering Brazilian academic experience of standardizing prenatal care in an academic health center, as did the Takeda index 18 . Meanwhile, the Brazilian Ministry of Health index 20 was created on the basis of the political decision in defense of the right to maternal and child health in the SUS. The Coutinho 8 and Carvalho & Novaes 9 indices appeared as academic variations on the previous index, proposing an evaluation of the policy's functioning in public healthcare services.
The Villar index 21 deals with the effort by the World Health Organization to standardize and reduce the costs of low-risk prenatal care using scientific criteria, aimed at reducing the number of maternal and infant deaths, as well as gestational and postpartum diseases and complications.
However, the choice of an index to assess adequate access to prenatal care has direct repercussions on maternal and child health policies, as long as the results of the assessment provide support for changes in the reality of health services. The current study demonstrates that the prevalence of adequacy according to the indices is highly variable. A change in only one criterion in the index can greatly increase or decrease the prevalence of adequate access to prenatal care, as occurred with the Ministry of Health 20 and Carvalho & Novaes 9 indices.
These prevalence rates also decrease considerably when the criteria classify adequate care according to the number of visits in relation to gestational age 16 or with few visits but at welldefined gestational weeks 21 . On the other hand, when a deadline is set for initiating prenatal care and only the total number of visits is considered, regardless of the gestational age at which they occur, the prevalence of adequacy increases greatly, as with the Takeda index 18 .
This phenomenon allows questioning which strategy would be the most effective for the health of the mother and infant: many visits versus few visits at specific periods in the pregnancy. Studies in various countries have shown that the reduction in the number prenatal visits was not associated with any negative perinatal or maternal outcome 25 . However, in countries with low and medium development, perinatal mortality is higher among women with few prenatal visits 4 . More visits may increase the possibility of performing tests and clinical procedures. Other authors conclude that the level of satisfaction is higher among women with more encounters with healthcare teams during pregnancy 5 . Still, the costs of complete prenatal care with few visits is much lower for the health system 4, 25 . At the same time, mean length of stay in neonatal intensive care units is much shorter for children of mothers with more prenatal visits 5 . There is no consensus on the ideal number of visits, but most of the indices defined adequate care as including a minimum of four visits (Table 1) .
In public health services, the organization of qualified access for low-risk mothers during few visits could provide a strategy to reduce costs. This would free up health professionals for closer follow-up of high-risk pregnant women, who require more visits due to their pregnancy-related conditions and complications 26 . Meanwhile, during pregnancy, women are more receptive to the incorporation of new knowledge 27 that can be transformed into healthier practices. Thus, more frequent contacts with health services through prenatal visits serve as a health-promoting educational opportunity, especially with group activities.
Even considering more than nine visits as the criterion for adequacy of term gestations, the Kotelchuck index 19 demonstrated that the other indices evaluated in this study showed intermediate adequacy. In addition, it enjoys the analytical advantage of classifying prenatal care in pregnancies that end in premature deliveries, considering the proportion of prenatal visits in relation to gestational age.
Importantly, the Kotelchuck index 19 defines adequacy as more visits than are provided for according to Brazil's official prenatal care policy 20 . In this sense, the current study was limited by having applied the Kotelchuck index in prenatal follow-up conducted exclusively within the SUS. However, the Ministry of Health index 20 did not show a higher prevalence of adequacy (as should have been expected), and demonstrated moderate adjusted agreement with the Kotelchuck index 19 . This suggests that Brazilian women in the SUS are having more prenatal visits than provided for by the official policy.
The Kessner index 11 showed the highest levels of adjusted agreement with six other indices. This can be explained by the early prenatal uptake criterion, which includes the initiation of prenatal care from the other indices and increases the possibilities for more visits by the woman. It was also the index with the highest accuracy. Still, it appears coherent to consider that parity should be an important criterion for evaluating access to prenatal care, since multiparous women, with their longer childbearing histories, may present unfavorable conditions that have already been diagnosed previously, while women in their first pregnancy are inexperienced and may be unaware of the risk conditions for their own health and that of their infants, as proposed by Rosen et al. 17 .
The modified GINDEX 16 , which includes an important number of prenatal visits according to gestational age, and the Rosen index 17 , which includes quite specific gestational intervals for performing the visits, lead to low power for discriminating between adequate and inadequate prenatal care. The Villar index 21 also showed low discriminant power, because it is only used to assess low-risk pregnancies. The current study considered low-risk and high-risk pregnancies indistinctly, but high-risk pregnancies require more visits, even with late initiation. In this case, the criteria for adequacy would be met for the majority of the indices. The indices used in the current study apply mainly to low-risk pregnancies, since high-risk pregnancies require a combination of prenatal care methods adapted to each woman's systemic condition.
Although indices that time the beginning of prenatal care and provide looser scheduling of visits have shown higher discriminant power 8, 18 , a positive aspect appears to be the definition of gestational periods that are not excessively strict for scheduling visits, as proposed by the Ministry of Health 20 and Carvalho & Novaes 9 indices. The evaluation strategies provided these indices with a good relationship between sensitivity and specificity, with high levels of accuracy for adequately classifying prenatal care.
However, these indicators are limited by the fact that they cannot be used to assess prenatal follow-up of pregnancies with premature outcomes, or for prenatal care already under way. Another limitation of these indices is that fail to consider socioeconomic and demographic characteristics, social support, other reproductive variables, the supply of services by health services, including the availability of services within a given geographic territory 28 , the prevailing model of care, and the links between levels of care.
Tamez-Gonzalez et al. 30 analyzed some of these elements, including predisposing, mediating, and health-needs factors to assess social inequality in access to prenatal care in Mexico City. Likewise, Ribeiro et al. 30 concluded that socioeconomic inequalities, demographic factors, and risk behaviors are associated with inadequate prenatal care.
Another limitation is that the selected indices are unable to assess the adequacy of each prenatal visit's content, including the package of services required for properly qualified visits, which include certain clinical procedures and tests, since the study's focus was only adequacy of access to prenatal care.
Conclusion
Indices for the assessment of access to prenatal care differ from each other. This leads to different prevalence rates for adequacy of prenatal care in Greater Metropolitan Vitória, varying according to the index used to assess maternal and child health.
In general, levels of agreement between the indices were less than 0.60 and related to the criteria for constructing each indicator. In addition, these levels are higher when the criteria are more similar and allow early initiation of prenatal care in the assessment.
Indices that consider initiation of prenatal care by the fourth month and number of visits according to trimesters as criteria for defining adequacy show higher discriminant power, that is, a good relationship between sensitivity and specificity, in addition to higher accuracy. However, health services should be open to pregnant women accessing the system when they perceive the need for care.
Based on a critical reflection, the study concludes that the Carvalho & Novaes index 8 and the Brazilian Ministry of Health index 20 are relevant for assessing adequacy of access to prenatal care.
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